Polycystic ovary syndrome (PCOS) is a complex, multifaceted, heterogeneous disorder, affecting 4% to 18% of reproductive-aged women and is associated with reproductive, metabolic and psychological dysfunction. In this study we determined the relationship between the time to sleep and serum levels of neurohormones in polycystic ovary syndrome (PCOS). Totally 77 PCO patients (case group) and 97 non-PCOS infertile women (control subjects) participated in this study between February 2012 and February 2013. A PSQI sleep questionnaire was completed by each patient in both groups. PSQI sleep questionnaire score and serum concentration of adrenaline, noradrenaline, melatonin, β-endorphin, cortisol and progesterone were compared in two groups. The results of the study indicate that serum levels of melatonin and β-endorphin were lower in women with PCOS. Serum level of stress hormones, adrenaline and noradrenaline were significantly correlated with patients' sleep time in study group. Serum level of adrenaline in control group was significantly lower in women who wake up earlier in the morning. All hormones except for cortisol had no significant correlation with PSQI global score in both groups and also the people who sleep less than 8 hours had lower cortisol level. These data showed that changes in cortisol in PCO women were due to damage of disturbed sleep at night. Our preliminary work provided this study with new insight into the interactions between sleep-wake cycles in PCO women with specific sleep patterns.
Introduction
Polycystic ovary syndrome (PCOS), the most common female endocrine disorder, is a complex and heterogenic disease with unknown etiology. PCOS is characterized by reproductive disturbances including chronic anovulation, hyperandrogenism and polycystic ovaries [1] . Its prevalence among infertile women is 15% -20% [2] . Although menstrual irregularities in adolescent girls are often attributed to an immature Hypothalamus-Pituitary-Gonadal (HPG) axis [3] , many adolescents with persistent menstrual abnormalities may raise concern of PCOS. Women with ovulatory menstrual cycles have a circadian rhythm superimposed on the menstrual-associated rhythm; in turn, menstrual events affect the circadian rhythm. The investigations into the biological consequences of circadian disruption in women will offer insight into some menstrual-associated disorders, including mood changes, as well as reproductive function and possible links with breast cancer [4] . Many of the common features of PCOS, such as central obesity, hyperinsulinaemia and obstructive sleep apnoea, are associated with chronic sympathetic overactivity, suggesting that sympathoexcitation may be involved in the pathogenesis of this condition [5] .
PCOS & Sleep timing:
The maturation of biological processes regulating sleep/wake systems, however, may be strongly related to the sleep timing and amount during adolescence-either as "compelling" or "permissive" factors. The two-process model of sleep regulation posits a fundamental sleep-wake homeostatic process (process S) working in concert with the circadian biological timing system (process C) as the primary intrinsic regulatory factors [6] . How do these systems change during adolescence? However the changes are mediatedwhether through process S, process C, or by a combination many adolescents have too little sleep at the wrong circadian phase. This pattern is associated with increased risks for excessive sleepiness, difficulty with mood regulation, impaired academic performance, learning difficulties, school tardiness and absenteeism, and accidents and injuries [7] . However, the regulation of sleep is the only one aspect of the multitude of circadian rhythms in the body, and thus investigations of how general circadian disruption can affect the brain and body are essential. As such, the circadian clock finds itself at the center of a "web" of regulation impacting nearly every physiologic and behavioral system [8] . Therefore, disruption of this most central of regulatory systems is likely to have cascading effects throughout the organism, with potential knock-on effects on systems not directly controlled by the clock. In this study, we investigated the effect of sleep onset time and looked up in patients with polycystic ovary syndrome. Stress hormones, beta-End and melatonin are neurohormones that are involved in the sleep-wake cycle. Therefore, we investigated the pattern of time to sleep by sleep questionnaires and measure these hormones in women with polycystic ovary syndrome. Our recent research showed that 90% of these patients sleep late at night and sleep until noon [9] . Thus, the aims of the study were 1) to investigate whether there are differences in serum levels of stress hormones, beta-End and melatonin between women with and without PCOS; 2) to determine whether the sleep-wake pattern of women with PCOS is different from that of non-PCOS subjects; and 3) to determine the associations between these hormones and sleep quality in women with PCOS.
Materials and Methods

Participants
The participants included all women with PCO who visited Vali-e-Asr Clinic affiliated to Tehran University of Medical Sciences for the first time between February 2012 and 2013. The diagnosis of PCOS was made according to the joint criteria of the European Society of Human Reproduction and Embryology and the American Society of Reproductive Medicine (ESHRE/ASRM) [10] . In this study, 77 patients, aged 20 -40 years participated who were not suffering from any illness except PCOS. Body mass index (BMI) was calculated as weight (kg)/height (m) 2 . This study was approved in ethical committee of Tehran University of Medical Sciences. Demographic and sleep (PSQI) questionnaires were used in this study. Blood sample was obtained from all participants before 8AM.
Clinical and Laboratory Investigation
Concentration of serum levels of Adrenaline, Nor-adrenaline and Melatonin (Oxidized LDL Elisa), Beta-endorphin (ELISA kit, Cousabio from USA), Cortisol, progesterone (ELISA kit, Diametra from Italy) were measured by Eliza method at the Laboratory of Pathology of Vali-e-Asre.
Statistical Analysis
Data was presented as mean ± standard deviation also median if necessary. Qualitative variables were compared between control and PCO groups with chi square test. Normal distribution of quantitative variables was examined with kolmogorov-Smirnov test. The t-test was used to compare normal variables and Mann-Whitney test was used for variables without normal distribution. Pearson and Spearman correlation coefficient were used to evaluation relationship between hormones and PSQI score. This correlation evaluated closely according to a linear regression model. All analysis was done in SPSS 18 (SPSS Inc, Chicago Ill) Software. P-value less than 0.05 considered as significant level.
Results
In this study 77 woman in control group and 97 patients with PCO syndrome enrolled at infertility clinic of Valiasr Hospital, Tehran, Iran from February 2012 to 2013.
Results showed that women in control groups had more education than PCO group (P = 0.003) ( Table 1) . Irregular menstrual (P < 0.001) and hirsutism (P < 0.001) significantly were higher in women with PCO.
According to Kolmogorov Smirniv melatonin, cortisol and beta-End showed a normal distribution, but adrenaline, noradrenaline and progesterone were not normally disturbed. Adrenalin level was higher in PCO group (P < 0.001). Serum levels of beta-End (P = 0.001) and melatonin (P = 0.031) were lower in women with PCO ( Table 2) .
Percentage of women that waking up morning before 7am (P = 0.408) and percentage of women that were sleeping more than 8 hours (P = 0.660) were same in both groups ( Table 3) .
In this analysis from all hormones only cortisol had significant relation with PSQI global score (P = 0.023). Determination coefficient of this model was weak and only 6.8 percentage ( Table 4) .
In PCO group mean of noradrenalin level in women that go to bed earlier were significantly higher than women that go to bed later (P = 0.037). In PCO group noradrenalin level had not relation with waking up time (P = 0.110) and sleep duration (P = 0.510) ( Table 5) .
Cortisol level of women in control group that waking up earlier was 158.51 ± 81.02 and it significantly lower than control group that waking up later 209.75 ± 111/71 (P = 0.018). Cortisol levels in the control group of women who sleep more than 8 hours was significantly less than women without 8 hours of sleep ( Table 6 ).
Discussion
The results of this study showed that there is a relationship between neurohormones and sleep quality in women with PCOS. Recent studies have showed that, a reduced sleep duration and quality sleep can have an effect on HPA axis activity. Last studies show that the early morning rise of ACTH and cortisol is reduced when additional energy is provided. This finding supports the view that the nocturnal rise in HPA axis activity contributes to preparing the organism for the upcoming wake period and associated increased energy demands [11] . Awakening is associated with a profound and global increase in the activation of neocortical networks mediated mainly by the brain stem arousing systems. Shortly after awakening, a sharp 38% -75% (average 50%) increase occurs in the blood level of cortisol in about 77% of healthy adults [12] and it occurs in people of all ages [13] . Cortisol awakening response (CAR) provides an easy measure of the reactivity capacity of the HPA axis [14] . Notably, CAR has been found to be abolished in patients with memory disorders due to damage in the frontal lobes or the hippocampal region [15] . The "booting" of memory representations in the process of awakening presumably brings to preconsciousness and even consciousness the most relevant internal (e.g. self-concept related) and external (e.g. orientation in time and space, current life conditions) information that potentially stimulate HPA axis activity. This might explain why subjects with work overload, chronic worrying, social stress; loneliness or health problems were reported to show an altered CAR [16] . The "booting" of memory representations in the process of awakening presumably brings to preconsciousness and even consciousness the most relevant internal (e.g. self-concept related) and external (e.g. orientation in time and space, current life conditions) information that potentially stimulate HPA axis activity. This might explain why subjects with work overload, chronic worrying, social stress; loneliness or health problems were reported to show an altered CAR [17] . All of these reports show that, cortisol, noradrenaline, beta-End and melatoninare are very important in the process of awakening. The study of Prelević in 1993 showed, the 24-h blood cortisol profile pattern was significantly different in women with PCOS as compared to the controls. Significantly lower cortisol levels were observed during the night (levels were determined between 20.00 and 04.00 [18] . Molecular mechanisms underlying pathophysiology of PCOS, especially those related to cortisol signaling are poorly understood. In women with the polycystic ovary syndrome (PCOS), cortisol production rate is probably normal, although adrenal androgens can be overproduced in a subset of affected women [19] . Milutinovic's hypothesize in 2011 is that modulation of glucocorticoid receptor (GR) expression and function may underlie possible PCOS-related impairment of feedback inhibition of HPA axis activity and imply that PCOS is associated with increased GR protein concentration and HPA axis sensitivity to dexamethasone [20] . Then up-regulation of GR can be the reason of normal rate of cortisol in women with PCO. In this study our results showed that only cortisol has significant relation with PSQI global score by regression analysis. Cortisol level of control group that waking up earlier was significantly lower than control group that waking up later. Also cortisol level in control group on women with more than 8 hours sleep is significantly lower than women without 8 hours sleep. This data showed that a good night's sleep will reduce stress hormone. One possible candidate that likely contributes to the awakening response is the adrenergic locus coeruleus (LC) which is strongly activated at the transition to wakefulness [21] . It projects to the paraventricular nucleus, i.e., the major hypothalamic regulator of HPA axis activity. Noradrenergic activa-tion of the whole forebrain during awakening might feedback to the hypothalamic centers of pituitary-adrenal control [22] . This study showed that adrenalin level was higher in PCO group, whereas serum levels of bet-End and melatonin were lower and had not correlation with sleep quality. The levels of adrenaline and noradrenaline in patients with early sleep are much lower than patients who slept later. Notably, recent decades studies show that ACTH may be engaged in the up-regulation of gene expression of noradrenaline biosynthetic enzymes in sympathetic ganglia without the involvement of adrenal glucocorticoids because ACTH and related compounds have pharmacological potential for regulating the cardiovascular system by controlling noradrenaline biosynthesis in the superior cervical ganglia (SCG) and in the LC [23] . The LC is densely innervated by processes exhibiting endogenous opioid peptides [24] and contains a high concentration of μ-opioid receptors (μOR) [25] . The interaction of beta-End with the HPA axis exerts a tonic inhibitory effect on sympathetic nervous system [26] , the gonadotropin-releasing hormone (GnRH) pulse generator and on pituitary luteinizing (LH) release [27] . These results showed that the feedback controls in brain-ovary axis in women with PCOS is different with non-PCOS. Our data suggest that the morning cortisol response is influenced by the awakening time. Appropriate regulatory control of the HPA axis is critical for health and survival; therefore time to sleep and wake-up time may have important roles in managing PCOS. Finally, we have two suggestions: 1) We suggest further study of CRH and CAR in order to reach a better knowledge about PCOS etiology and 2) Future research about sleep in PCO women should register other sleep dimensions (sleep patterns or disturbances) to provide a better insight in this scientific field.
Conclusion
In this study we investigated the relationship between the time to sleep and serum levels of neurohormones in women with PCO. Our results showed that only cortisol has significant relation with PSQI global score by regression analysis and it associated with time of sleep. Studies in recent decades have shown that lifestyle intervention improves body composition and so modifying sleep patterns in these patients may be able to regulate the hormonal balance in the brain-ovary axis.
